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Visualizing the Neutrophil Response to Sterile
Tissue Injury in Mouse Dermis Reveals a Three-Phase
Cascade of Events
Lai Guan Ng1,2, Jim S. Qin1, Ben Roediger1, Yilin Wang2, Rohit Jain1, Lois L. Cavanagh1, Adrian L. Smith1,
Cheryl A. Jones3, Michael de Veer4, Michele A. Grimbaldeston5, Els N. Meeusen4 and Wolfgang Weninger1,6,7
Neutrophil granulocytes traffic into sites of organ injury in which they may not only participate in tissue repair
and pathogen clearance but may also contribute to collateral cell damage through the release of noxious
mediators. The dynamics and mechanisms of neutrophil migration in the extravascular space toward loci of
tissue damage are not well understood. Here, we have used intravital multi-photon microscopy to dissect the
behavior of neutrophils in response to tissue injury in the dermis of mice. We found that, following confined
physical injury, initially rare scouting neutrophils migrated in a directional manner toward the damage focus.
This was followed by the attraction of waves of additional neutrophils, and finally stabilization of the neutrophil
cluster around the injury. Although neutrophil migration in the steady state and during the scouting phase
depended on pertussis toxin-sensitive signals, the amplification phase was sensitive to interference with the
cyclic adenosine diphosphate ribose pathway. We finally demonstrated that neutrophil scouts also transit
through the non-inflamed dermis, suggesting immunosurveillance function by these cells. Together, our data
unravel a three-step cascade of events that mediates the specific accumulation of neutrophils at sites of sterile
tissue injury in the interstitial space.
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INTRODUCTION
Sterile inflammation represents the basis of many metabolic
and autoimmune diseases, such as gout, rheumatoid arthritis,
and atherosclerosis, as well as the response to ischemia,
physical trauma, or irradiation (Witko-Sarsat et al., 2000;
Nathan, 2006). Neutrophil granulocytes are among the first
blood-borne cells that travel into damaged organs in which
they phagocytose particulate material, such as cell debris.
However, neutrophils also release mediators and enzymes
that potentially damage the surrounding tissue. Thus, these
cells are central to both repair and destruction of tissues
following sterile injury.
During their recruitment into organs, neutrophils initially
adhere to the vascular wall and then transmigrate across the
endothelium into the target site (Ley et al., 2007). These
events have been studied extensively, and have revealed a
cascade of molecular interactions between neutrophils and
endothelial cells (Springer, 1994; Ley et al., 2007; Zarbock
and Ley, 2009). In contrast, relatively little is known about the
dynamics and molecular cues that direct neutrophil naviga-
tion through the interstitial space toward a focus of damaged
tissue. Recent intravital imaging studies including infection
models in the skin, lymph nodes, and lungs have bestowed us
with first clues as to how neutrophils behave in the
extravascular space in vivo (Chtanova et al., 2008; Peters
et al., 2008; Graham et al., 2009; Kreisel et al., 2010). These
studies have shown that neutrophils rapidly accumulate at
sites of pathogen deposition. There, they form small,
transient, or larger, more persistent ‘‘swarms’’ with some
neutrophils containing pathogens.
These findings suggest that specific guidance cues for
neutrophils must be established within injured tissues that
facilitate their prompt attraction to a focus of stressed or
damaged cells. Indeed, a recent study using in vivo confocal
microscopy following sterile liver injury has unraveled
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several molecular pathways involved in neutrophil sensing of
necrotic cells, including intravascular chemokine gradients
and formyl-peptide signals released by necrotic cells (McDo-
nald et al., 2010). Another study showed that neutrophil
cluster formation during lung injury depends on monocytes
(Kreisel et al. 2010). However, the definition of the precise
cascade of events and molecular cues that guide neutrophils
through the extravascular space within peripheral tissues
such as the dermis requires further experimentation.
In order to gain a better understanding of neutrophil
accumulation at a site of tissue injury, we developed a model
that allowed us to precisely define the temporal and
spatial context of tissue damage. This was achieved by
inducing a small area of injury in the dermis of mice using a
Ti:Sapphire laser, and monitoring the subsequent migratory
response of neutrophils. Our results uncovered a three-step
cascade of neutrophil attraction characterized by an initial
scouting phase, followed by an amplification phase and a
stabilization phase.
RESULTS
Development of a laser injury model for studying neutrophil
behavior in mouse skin
To examine the kinetics and molecular mechanisms regulat-
ing neutrophil accumulation at a site of tissue injury, we
made use of our previously developed intravital multi-photon
microscopy ear skin model (Figure 1a and Ng et al., 2008;
Roediger et al., 2008). To precisely define the temporal and
spatial context of tissue damage, a multi-photon laser beam
(800 nm) was focused for a short period of time (2–5 seconds)
to a confined area (7474 mm) within the dermis of ear skin
at high energy (B80mW). This resulted in a confined single
focus of heat damage. Similar laser ablation approaches have
successfully been used in the past, for example, to study the
response of innate immune cells in the brain (Davalos et al.,
2005; Nimmerjahn et al., 2005).
To specifically track the neutrophil response following this
type of injury, we adoptively transferred green fluorescent
protein (GFP) expressing neutrophils (2 107) isolated from
the bone marrow of MacGreen mice (Sasmono et al., 2003,
2007) into recipient animals at 6–8 hours before laser
ablation, such that B2% of blood neutrophils were GFPþ
(Figure 1a and Supplementary Figure S1 and S2 online). We
made use of albino C57BL/6 mice as recipients, as the
autofluorescence induced by dermal pigment may interfere
with migration studies (Supplementary Figure S3 online and
Roediger et al., 2008). As shown in Figure 1b and
Supplementary Movie S1 online, this resulted in extravasation
of GFPþ cells and directed migration toward the damage
focus (Vmean: 7.8±2.5 mmmin
1). Migrating cells exhibited
very little deviation from their path (meandering index (MI), a
measure of directionality: 0.7±0.2; Figure 1b and d) (Mrass
et al., 2006; Cahalan and Parker, 2008; John et al., 2009).
Attracted cells were then contained around the injury site for
the rest of the observation period of up to an hour (Figure 1b,
and data not shown). These data demonstrate that neutrophil
motion toward a unifocal tissue lesion can be specifically
tracked in the dermal extravascular space. Nevertheless, the
low frequency of GFPþ neutrophils in the blood after
adoptive transfer in this model restricts quantitative analysis
to relatively few events. Another caveat with regard to
mechanistic studies is that molecules involved in interstitial
migration of neutrophils, for example, chemokines, may
also operate in homing of the cells to injured tissues from
the blood.
To overcome these limitations, we hypothesized that
neutrophils directly transferred into the dermis resembled
cells after extravasation. To test this idea, we injected small
numbers of highly purified GFPþ neutrophils (2–5 104) into
the ear dermis of mice (Figure 1a). As needle prick itself may
cause a transient influx of endogenous neutrophils, we rested
the animals for 6–8 hours before further analysis. Indeed, at
this time point, transferred GFPþ neutrophils showed
spontaneous migratory behavior (Vmean: 6.5±3.2 mmmin
1;
MI: 0.4±0.3; Figure 1b–d and Supplementary Movie S2
online), indicating the absence of chemoattractant gradients
within the tissue. Upon laser ablation, GFPþ cells moved
directly toward the injury site with similar kinetics and
motility patterns as observed for their blood-borne counter-
parts (Vmean: 8.0±4.0 mmmin
1, MI: 0.7±0.2; Figure 1b–d
and Supplementary Movie S3 online). The fact that intrader-
mally injected cells displayed similar behaviors as extra-
vasated cells indicates that the intradermal transfer method
faithfully recapitulates how neutrophils migrate through the
interstitium following tissue injury.
Neutrophil responses to tissue injury occur in three sequential
phases
We next conducted in-depth analyses of the locomotion
patterns of neutrophils following laser ablation. We found
that initially small numbers of neutrophil ‘‘scouts’’ migrated
directionally to the injury site where they accumulated in
small clusters (Figure 2a and b and Supplementary Movie S4
online). This scouting phase, which lasted approximately
15minutes was followed by an amplification phase char-
acterized by a synchronized attraction of large numbers of
neutrophils into the damage focus (Figure 2a, b and d).
Approximately 30minutes after laser injury, the number of
neutrophils in the cluster plateaued, and the cluster volume
remained stable for observation periods of up to 1 hour
(Figure 2a–d, and data not shown). Thus, once neutrophils
arrived at the injury site, they appeared to be retained at this
site (stabilization phase).
Further tracking analysis revealed that the mean distance
neutrophils traveled toward the damage focus was
67.23±31.18mm, with some cells migrating from a distance
of over 150mm (Figure 2c). When individual cells were
tracked, it became evident that the initial probing migratory
behavior in the steady state rapidly switched into a
directional mode following laser ablation. This was accom-
panied by an increase in their Vmean and mean displacement
during the scouting and amplification phases (Figure 2e).
Collectively, these results suggest that neutrophil guidance
toward localized sites of tissue damage occurs in three
temporally distinct phases, i.e., scouting, amplification, and
stabilization.
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Figure 1. Experimental models for the study of neutrophil migration in the dermis of mice. (a) Figures depict intravenous and intradermal neutrophil transfer
models. (b) Representative time-lapse images from multi-photon imaging showing the migratory behavior of neutrophils in the dermis of mice following
intravenous or intradermal transfer. Red box represents laser injury site. (c) Time-lapse images showing the migratory pattern of intradermally transferred
neutrophils in the ear skin at resting state and after tissue injury. (d) Vmean and meandering index (MI) of neutrophils transferred intravenously (open circle, after
injury) or intradermally (open square, resting; open triangle, after injury). White lines represent migratory tracks. Bar¼ 59mm. Time scale, min:sec. HF, hair
follicle; ID, intradermal; IV, intravenous.
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Figure 2. Neutrophil responses to tissue injury occur in three sequential phases. (a) Representative time-lapse images showing neutrophil responses to injury.
Arrows illustrate attraction of scouting neutrophils to the injury site. Dotted line represents a reference line for orientation purposes. Bar¼ 59mm. (b) High-
magnification images depicting neutrophils at the injury site during scouting and amplification phases. (c) Graph shows neutrophil distance to the injury site over
time. Each line represents an individual neutrophil track. (d) Volumetric measurement of neutrophil clusters at the injury site over time. Data were obtained from
three independent experiments. Bars represent mean±SEM. (e) Comparison of the meandering index (MI), displacement rate, and Vmean of neutrophils during
different phases. Time scale, min:sec. As indicated in the table, the analysis of variance test was performed for comparison between groups.
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Endogenous neutrophil responses in the dermis following
physical injury confirm the three-step model
To corroborate our results obtained using adoptively trans-
ferred neutrophils, we further wished to test the response of
endogenous neutrophils following physical injury. Here, we
made use of mice expressing enhanced GFP under the
lysozyme M promoter (lys-GFP), in which GFP is expressed
by myelomonocytic cells (Supplementary Figure S4 online
and (Faust et al., 2000; Kim et al., 2009)). Physical injury was
induced by superficially scratching ear skin of lys-GFP mice
using a hypodermic needle, and the influx of GFPþ cells
into the skin was monitored using multi-photon imaging
(Figure 3a). As early as 20minutes after injury, GFPþ cells
started to migrate directly toward the injury site (Figure 3b
and Supplementary Movie S5). GFPþ cells continued to
accumulate over the next 2 hours to eventually form a
cellular cuff around the injured tissue, consistent with what
has been described to occur after needle prick injury (Peters
et al., 2008). Similarly to the laser injury model, it was
apparent that during the first B25minutes, only scarce cells
were attracted to the injury site. This was then followed by a
sudden influx of a large number of GFPþ cells (amplification)
over the nextB60minutes (Figure 3c). Finally, recruitment of
cells ceased, with those present at the injury site forming
clusters (Figure 3c). Extravasated GFPþ cells at this stage
stopped their directional migration to the injury site.
Quantification of the migratory parameters of cells during
the amplification phase (step 2) revealed a Vmean of
14.7±4.1 mmmin1, MI of 0.7±0.16. During stabilization
(step 3), most cells became stationary, whereas the Vmean
(9.7±2.9 mmmin1) and MI (0.5±0.18) of cells that still
migrated decreased as compared with step 2 (Figure 3d).
Together, these results suggest that endogenous neutrophil
accumulation at sites of physical injury follows a similar
multi-step cascade as demonstrated for the laser injury
model.
The scouting phase of neutrophil attraction is pertussis
toxin-sensitive
The fact that neutrophils responded with directed migration
within minutes after laser ablation and were capable of
sensing tissue injury from large distances pointed toward the
establishment of a chemoattractant gradient, most likely
mediated by small diffusible molecules. To test this idea, we
preincubated neutrophils before injection with pertussis toxin
(PTX), an irreversible inhibitor of Gai-coupled receptors,
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Figure 3. Myelomonocytic cell migration in the dermis of mice. (a) Figures depict a skin injury model induced by needle scratching. (b) Representative
time-lapse images from multi-photon imaging showing the migratory behavior of green fluorescent protein (GFP)þ cells in the dermis of Lys-GFP mice
(on the C57BL/6 background) following needle scratching. Dashed lines represent needle injury site. (c) Frequency of GFPþ cells attracted to the site
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through which most chemoattractants exert their functions
(Ui et al., 1984). As expected, interference with Gai-coupled
receptor signaling reduced neutrophil basal migration as well
as their response toward chemotactic stimuli in a transwell
assay in vitro (Supplementary Figure S5 online). Consistent
with this finding, random migration of neutrophils in the
dermis at resting state was reduced (Supplementary Figure S6a
online). Importantly, neutrophils failed to migrate toward the
injury site after PTX treatment (Figure 4a and Supplementary
Movie S6 online). These experiments provide a proof-of-
principle that neutrophils can be successfully manipulated
before their transfer in the intradermal injection model.
The amplification phase of neutrophil migration depends on
cADPR signaling
A variety of signaling pathways have been implicated in
mediating neutrophil migration toward a chemotactic stimu-
lus. A prominent second messenger molecule in this process
is cyclic ADP ribose (cADPR) a metabolite synthesized from
nicotinamide dinucleotide (NADþ ) (Partida-Sanchez et al.,
2001; Guse, 2005). To examine the role of cADPR in
neutrophil attraction to sites of sterile tissue injury, we
incubated highly purified GFPþ neutrophils before their
transfer with 8-bromo-cyclic ADP ribose (8-BR), a specific,
competitive inhibitor of cADPR signaling (Partida-Sanchez
et al., 2001). Consistent with previous reports, 8-BR treatment
resulted in inhibition of neutrophil chemotaxis toward formyl
methionyl leucyl phenylalanine, and to a lesser degree to
chemokine KC (CXCL1) (Supplementary Figure S5 online)
(Partida-Sanchez et al., 2001, 2004). Under control condi-
tions, 8-BR-treated neutrophils migrated similarly to un-
treated cells, with the exception of a slightly decreased MI
(Supplementary Figure S6 online and Supplementary Movie
S7 online). After laser ablation, we observed that the scouting
response of 8-BR-treated neutrophils was unaffected (Figure
4b and c and Supplementary Movie S8 online). Strikingly,
however, there was no further influx of neutrophils at
10minutes after injury, indicating that amplification was
abolished. Moreover, the small clusters of scouting cells formed
during the first 20minutes dissolved within the next 20minutes
(Figure 4d). These data suggest that signaling through the
cADPR pathway is involved in the amplification phase of the
neutrophil response.
Neutrophils are present in mouse dermis under homeostatic
conditions
The current paradigm holds that neutrophils, with the
exception of select organs such as the lungs, are absent from
the periphery including the skin (Kreisel et al., 2010).
Nevertheless, the fact that small numbers of scouting
neutrophils seemed to mediate the attraction of additional
neutrophils during the amplification phase of the response
made us wonder whether neutrophils could be present in the
dermis even under non-inflammatory conditions. If so, such
neutrophil scouts could support the rapid recruitment of
additional neutrophils in response to tissue insult. Initially,
we addressed this question with flow cytometry. To
discriminate between extravascular neutrophils and cells
present in peripheral blood, we intravenously injected PE-
tagged anti-Gr-1 antibody and harvested ear tissue at
2–5minutes later (Figure 5a and Supplementary Figure S7
online). This allowed us to discriminate blood-borne (PEþ )
from extravascular (PE) neutrophils counterstained with
anti-Ly6G antibody. Our results demonstrated that both
populations were present in the skin, with extravascular
Ly6GþGr-1low neutrophils comprising 0.5±0.3% of total
isolated leukocytes (Figure 5a). Similarly, whole mount
staining of mouse ear dermis with anti-Ly6G also unequi-
vocally revealed the presence of extravascular neutrophils
(Figure 5b). In addition, in lys-GFP mice crossed onto albino
C57BL/6 background (lys-ablGFP) revealed numerous
GFPbright and GFPdim cells in the deeper layers of the dermis,
most likely corresponding to extravascular neutrophils and
macrophages, respectively, (Figure 5c). These GFPbright cells,
presumably neutrophils, displayed non-directional migration
within the interstitial spaces in the dermis, similar to tissue-
resident neutrophils in the lung (Figure 5d and Supplementary
Movie S9 online and (Kreisel et al., 2010)). This migration
was more confined as compared with cells responding to
laser or physical injury.
To assess whether neutrophils, similar to other leukocyte
subsets, may transiently reside in the skin, we collected
afferent lymph fluid in a pseudo-afferent lymphatic cannula-
tion model in sheep (Bujdoso et al., 1989). Consistent with
the mouse data, we observed that neutrophils were present in
resting lymph (B1% of total leukocytes, Figure 5e). After
induction of inflammation by the injection of ovalbumin/
alum, neutrophil flux through the skin increased (Figure 5e).
Time-course studies revealed that adoptively transferred,
fluorescently-tagged neutrophils entered and exited the skin
rapidly, with a maximum accumulation after 3–4 hours,
which was in contrast to the delayed transit of lymphocytes
(Figure 5f and Supplementary Table S1 online). Together,
these results demonstrated the presence of extravascular
neutrophils in the dermis.
DISCUSSION
Although the importance of leukocyte recruitment to sites of
tissue injury has been recognized for a long time, we
presently only have a limited understanding of the kinetics
and mechanisms that guide these cells through the interstitial
space of organs. Increasingly, researchers are using intravital
imaging approaches to address this type of question
(Chtanova et al., 2008; Peters et al., 2008; Zinselmeyer
et al., 2008; Graham et al., 2009; Kreisel et al., 2010). In the
present study, we have developed an approach that allows
for the real-time investigation of neutrophil responses
following the induction of sterile tissue injury at the single-
cell level within the intact environment of the dermis. Using
this approach, we have defined a three-step process under-
lying the attraction of neutrophils to a defined damage focus
in the skin. These findings expand our knowledge as to how
the earliest phase of the immune response is regulated and
provide the basis for future molecular dissection of neutrophil
locomotion in the extravascular space.
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Our data have revealed, in two independent models, that
the accumulation of neutrophils at sites of physical injury
takes place in three consecutive steps, resulting in a stable
cluster of cells at the injury site. Previous imaging studies in
infection models demonstrated that neutrophils retained their
motility after arriving at the sites of parasite presence resulting
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in swarming behavior (Chtanova et al., 2008). Similarly, a
recent study by Kreisel et al. (2010) showed that in response
to bacterial infection, neutrophils in the lungs formed
dynamic clusters. Thus, the cells continued to migrate in
and out of the clusters, which differs from the stable
neutrophil clusters observed after physical injury. In the latter
case, it appeared that neutrophils tried to fill tissue defects,
which may not only serve to pick up cell debris but also to
form a physical barrier. As neutrophils have been shown to
phagocytose microorganisms, such as bacteria and parasites,
and to transport certain pathogens to draining lymph node, it is
conceivable that they must retain motility under infectious
circumstances. For example, we and others have recently
shown that neutrophils pick up Bacille Calmette-Gue´rin in
the dermis, followed by their entry into lymphatic vessels
(Abadie et al., 2005; Sumaria et al., 2011). Lymphatic vessel
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lymphatics in a sheep model. Left panel shows numbers in resting lymph (open circles), whereas the right panel shows numbers of neutrophils at 6 hours
following injection of ovalbumin (Ova) (250mg) in alum (open triangles). Symbols represent individual pseudo-afferent sides. (f) Graph shows the number of
carboxyfluorescein succinimidyl ester–labeled neutrophils (per 10,000 cells) and lymphocytes (per 500,000 cells) detected in resting lymph at various times after
the intravenous injection.
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entry may not be necessary at sites of sterile inflammation in
which the adaptive immune system presumably has a minor
role in tissue repair. Another possibility is that in the infection
experiments pathogens are deposited at multiple sites within
the tissue microenvironment, which may result in competi-
tion between individual foci, either through direct (e.g.,
release of mediators) or indirect effects (e.g., induction of
mediators by cells after their uptake). In contrast, in the
studies presented here, tissue damage was induced at a single
site by laser ablation. Together, these results suggest that
different signals may operate during neutrophil attraction
toward sites of physical and microbial tissue injury.
Our data further indicate that the individual steps of the
interstitial neutrophil migration cascade are regulated at
different molecular levels. No scouting was observed after
PTX treatment of the cells, indicating the involvement of Gai-
couple receptors. A recent study in a liver injury model has
found that neutrophils depend on an intravascular gradient of
CXCL2 for migration to sites of tissue necrosis (McDonald
et al., 2010). Whether a similar gradient is responsible for
extravascular neutrophil migration needs to be further
investigated. Of note, PTX treatment also interfered with the
baseline motility of neutrophils in the absence of injury,
indicating the involvement of chemoattractants in the non-
directional screening behavior of the cells. Whether similar
or different signals regulate baseline and directed migration
remains to be determined. Furthermore, we cannot exclude
that Gai-coupled receptor signaling is also involved in later
phases of the response, in particular amplification. Finally,
emerging evidence suggests that the extracellular matrix has a
role in immune cell attraction (Sorokin, 2010), and it will be
interesting to examine how signals derived from extracellular
matrix components may modulate neutrophil migration
in vivo. The dissection of the individual candidate molecules
will require the use of specific inhibitors or neutrophils from
knockout mice to allow for separating the impact of the
respective molecules in the migratory steps.
Emerging evidence suggests that purine nucleotides and
their metabolites have a major role in immune cell function.
One of these nucleotides, NADþ , serves as a substrate for the
ectoenzyme CD38. NADþ is known to be catabolyzed by
CD38 into cADPR, a second messenger molecule involved in
intracellular Ca2þ mobilization (Guse, 2005; Haag et al.,
2007). Previous studies demonstrated that cADPR generated
through CD38 is required for the migration of neutrophils to
certain chemoattractants such as formyl methionyl leucyl
phenylalanine (Partida-Sanchez et al., 2001; Malavasi et al.,
2008). In addition, studies in CD38 knockout animals have
shown that neutrophils are impaired in their accumulation
during bacterial pneumonia (Partida-Sanchez et al., 2001).
However, these studies did not investigate whether this defect
was due to inhibition of neutrophil–endothelial cell interac-
tions and/or interstitial migration. Our data demonstrated that
the amplification phase of the neutrophil response to a
damage focus depended on cADPR signaling. Although our
approach does not discriminate the pathways leading to the
production of cADPR, it supports a scenario where in the
amplification phase neutrophils sense extracellular NADþ
released from damaged cells, which facilitates their chemo-
tactic response toward the damage focus by providing
intracellular cADPR. Alternatively, cADPR produced in
response to NADþ sensing by initially accumulating scouts
may act in a paracrine manner to support chemoattraction of
additional neutrophils (Morita et al., 2008). These data are in
line with recent evidence in a liver injury model that has
demonstrated intrasinusoidal attraction of neutrophils toward
necrotic cells in a formyl-peptide receptor 1-dependent
manner (McDonald et al., 2010). Taken together, this
indicates that damage-associated molecular pattern mole-
cules, including purine nucleotides, act to regulate the
inflammatory response in a paracrine manner, at least in
part by modulating the migration of neutrophils within the
interstitium.
It is generally accepted that circulating neutrophils are
recruited rapidly into inflamed tissues, but that they are
absent from most peripheral tissues such as the skin under
homeostatic conditions. Intriguingly, we found that neutro-
phils are present in small numbers even in non-inflamed
dermis. Moreover, our experiments in sheep further demon-
strate that these cells may only transiently reside in the skin,
and may exit the skin via lymphatics under homeostatic
conditions. Thus, in analogy to other immune cells, such
as dendritic cells or T cells, neutrophils may screen the
extravascular compartment for the presence of danger
signals. This may serve to rapidly induce the recruitment of
additional neutrophils to a focus of tissue injury, thereby
regulating the extent of the ensuing inflammatory response.
Collectively, the present study provides evidence that
interstitial migration of neutrophils during tissue injury occurs
in three defined steps. Our intradermal transfer model has
allowed for characterizing the temporal and spatial context of
these phases, and has identified some of the molecular cues
involved in this process. Thus, this study provides the basis for
a comprehensive dissection of the organization of sterile
inflammation, and will undoubtedly help in the discovery
and validation of novel therapeutic strategies for inflamma-
tory diseases.
MATERIALS AND METHODS
Mice, antibodies and reagents
Lysozyme-GFP and c-fms GFP (MacGreen) transgenic mice on a
C57BL/6 background were a kind gift of Dr Thomas Graf and Dr David
Hume, respectively. Albino C57BL/6-Tryc-2J/J mice were obtained
from The Jackson Laboratory (Bar Harbor, ME). Animal experiments
were performed with the approval of the University of Sydney Animal
Ethics Committee and IACUC of the BRC. For full list of antibodies and
reagents information, see Supplementary Table S2 online.
Neutrophil isolation
Femurs and tibias were removed from killed mice, and bone marrow
was harvested by flushing with Wurzburg buffer (phosphate-buffered
saline with 1% fetal calf serum, 1% 5.0 M EDTA, 0.1% DNAase I).
Neutrophils were then isolated by magnetic separation using the
anti-Ly6G microbead kit (Miltenyi Biotec, Singapore) according to
the manufacturer’s specification. Negative selection was performed
as previously described (Cotter et al., 2001).
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In vivo neutrophil transfer
For the intravenous transfer model, 2 107 BM neutrophils in 300ml
saline solution were adoptively transferred into recipient mice by tail
vein injection. For the intradermal transfer model, 5 104 of BM
8-BR-treated or untreated neutrophils in 1–2 ml sterile saline solution
were injected intradermally using a 33-gauge Hamilton syringe
(Reno, NV). For the treatment of neutrophils with PTX and 8-BR,
cells were incubated with 1 mgml1 of PTX and 100mM of 8-BR in
media for 20minutes then washed twice in saline before injection.
Both PTX and 8-BR were reconstituted with saline solution.
Intravital multi-photon microscopy
Intravital imaging of mouse ear skin was performed as described (Ng
et al., 2008; Roediger et al., 2008). Briefly, hair was removed using a
commercial hair remover (Veet, Parsippany, NY). Anaesthetized
mice were then placed on a custom-built stage and the ear immersed
in a drop of glycerol/saline (30:70 v/v) and covered with a coverslip.
Multi-photon imaging and laser ablation was performed on a LaVision
Biotec TrimScope (Bielefeld, Germany) equipped with a  20 water-
immersion objective. For imaging, the ear skin was exposed to
polarized laser light at a wavelength of 920nm. To visualize blood
vessels, Evans blue dye dissolved in saline was injected intravenously
before imaging. Acquired image stacks were processed using Volocity
software (Improvision/Perkin-Elmer, Waltham, MA). Measurements of
cell motility patterns were performed on image stacks that contained
at least 20 consecutive frames (10minutes) of videos. Parameters
measured are indicated in Supplementary Table S3 online.
Statistical analysis
For comparisons of two groups the Student’s t-test (normally
distributed) or the Mann–Whitney U test (not normally distributed)
were used. For multiple comparisons, one-way analysis of variance
was used. A difference between groups was considered significant if
Po0.05.
For full method please refer to Supplementary Information online.
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